The Net-Zero Energy Residential Test Facility (NZERTF) was designed to be approximately 60 % more energy efficient than homes meeting the 2012 International Energy Conservation Code (IECC) requirements. The thermal envelope minimizes heat loss/gain through the use of advanced framing and enhanced insulation. A continuous air/moisture barrier resulted in an air exchange rate of 0.6 air changes per hour at 50 Pa. The home incorporates a vast array of extensively monitored renewable and energy efficient technologies including an airto-air heat pump system with a dedicated dehumidification cycle; a ducted heat-recovery ventilation system; a whole house dehumidifier; a photovoltaic system; and a solar domestic hot water system. During its first year of operation the NZERTF produced an energy surplus of 1023 kWh.
Introduction In 2012 NIST completed the construction of a Net-Zero Energy Residential Test Facility (NZERTF) on its campus in
Gaithersburg, MD to demonstrate that it was possible to achieve net-zero for a house with conventional architecture, amenities, and size comparable to those being constructed in the surrounding area, Fig. 1 . The home was constructed to exceed all energy related aspects of the 2012 International Energy Conservation Code. Fanney et. al [1] give a detailed accounting of the overall performance of the house as well as the individual systems within the home for the first year of operation, July 2013 to June 2014. The economics of the NZERTF have been studied in detail by Kneifel [2] and Kneifel and O'Rear [3] . Indoor air quality within the NZERTF has been reported by Poppendieck et. al [4] . The energy impact of ventilating using a heat recovery ventilator and simple mechanical ventilation have been quantified by Ng and Payne [5] . Sustainability performance of the NZERTF has been compared to other code-compliant designs [6] . The NZERTF's energy use and indoor air quality have recently been benchmarked to a variety of residential homes in the United States [7] using the Department of Energy's Residential Energy Consumption Survey (RECS). The benchmarking exercise [7] concluded that the NZERTF's Energy Use Intensity (EUI) was 23.5% of the average home in the U.S. and 37.5% of single-family homes built since 2000 in the same climatic zone.
The NZERTF was designed with multiple systems for test purposes; the building envelope, space conditioning systems, and renewable energy systems that were utilized during the first two years of testing are described in the following sections 2.1-2.6.
Building Envelope
Schematics of the building envelope components and associated thermal resistance values are shown in Fig. 2 . Pettit et al. [8] describes in detail the building envelope and construction techniques. As noted by Kneifel and O'Rear [6] , the NZERTF's advanced thermal envelope was responsible for approximately 60% of the energy reduction relative to a Maryland code compliant home.
Blower door tests, conducted at various times since the house was completed, have yielded an average air exchange rate of 0.6 air changes per hour at 50 Pa, http://www.nist.gov/el/nzertf/bea.cfm. For comparison, Table 1 gives the target airtightness prescribed by various organizations. As noted by Kneifel and O'Rear [6] , the NZERTF's advanced thermal envelope was responsible for approximately 60% of the energy reduction relative to a Maryland code compliant home.
Space Conditioning System
The space heating and cooling system used for both the first and second years of testing consists of an air-to-air heat pump system incorporating a two-speed scroll compressor and variable speed indoor fan. At the AirConditioning, Heating, and Refrigeration Institute (AHRI) rating conditions [9] , the cooling capacity is 7.60 kW and the coefficient of performance (COP) is 3.82. In the heating mode at AHRI rating conditions, the unit has a heating capacity of 7.80 kW. The unit has a seasonal energy efficiency ratio SEER -15.80 Btu/Wh (4.63 W/W) and a heating seasonal performance factor HSPF Region IV -9.04 Btu/Wh (2.65 W/W). A 10 kW supplemental electric heater was used during the first year, while a 5 kW heater was installed for the second year. A conventional sealed sheet-metal air distribution and return duct system, contained within the conditioned space, is used to distribute conditioned air throughout the house.
During the first year of testing, dehumidification was provided by utilizing the heat pump's dedicated dehumidification cycle. This cycle reduces the indoor unit's fan speed to enhance the indoor coil's ability to remove moisture while using a hot gas bypass arrangement in conjunction with a reheat heat exchanger.
During the second year of operation, a whole house dehumidifier was used in lieu of the heat pump's dedicated dehumidification cycle. The whole house dehumidifier consists of a duct that pulls air from a wall register located in the living room, a dehumidifier unit, and duct work that supplies the air leaving the dehumidifier to the supply duct leaving the heat pump system. The dehumidifier passes the incoming air over an evaporator coil dropping the air temperature below the dew point of the air. The air is then reheated by passing through the condenser coil before exiting the unit. The unit, tested in accordance with the Association of Home Appliance Manufacturers' Performance Standard for Residential Dehumidifiers [10] , has a capacity of 63.9 L/day and an energy factor of 1.81 L/kWh at a flow rate of 14 m 3 /min (500 CFM) with 26.7°C/60% RH inlet air conditions.
Ventilation System
Outdoor ventilation air is supplied to the NZERTF via the heat recovery ventilator (HRV). The unit was sized to provide 137 m 3 /h of outdoor air in accordance with the requirements in ASHRAE Standard 62.2-2010 [11] . The actual outdoor airflow rate provided by the HRV during the first year of operation was approximately 171 m 3 /h [1, 5] . This value, which exceeds the ASHRAE Standard 62.2 requirement by approximately 25 %, resulted from selecting the lowest HRV fan speed (of the six possible) that exceeded the 137 m 3 /h requirements. During the second year, control of the unit was modified so that it operated for 43 minutes of each hour at 205.2 m 3 /h to meet, but not exceed, the ASHRAE 62.2 prescribed value. The measured effectiveness of the heat exchanger, 0.76, was determined using temperature and HRV airflow measurements [12] .
The house has additional local air exhaust systems comprised of a kitchen exhaust fan and dryer exhaust. The kitchen exhaust fan is activated whenever the cooktop is energized, and the exhaust rate meets the minimum requirement for intermittent local kitchen exhaust in ASHRAE 62.2. Table 2 gives the air changes per hour attributed to the HRV, kitchen exhaust fan, and clothes dryer exhaust.
Heat Pump, Whole House Dehumidifier, and Heat Recovery Ventilator Controls
Heating and cooling thermostat set points of 21.1 °C and 23.8 °C, respectively, were used for both years. No temperature set backs were used. During the first year, the combined thermostat/humidistat supplied by the heat pump's manufacturer was used to control the heat pump system. This thermostat required the user to set the 1 st , 2 nd , and 3 rd stage temperature differentials and associated time delay intervals. The differential temperatures are relative to the set point temperature and are used to initiate the various stages of heating and cooling. The delay intervals are the maximum amount of time a given stage can operate before energizing the next higher stage. The selected values were chosen to maintain comfortable conditions throughout the year and minimize the use of resistive heat. In the heating mode, 40 minutes was the maximum time the thermostat would permit the heat pump's compressor to operate in its high-speed mode before energizing the electric resistance heat. This control logic resulted in unnecessary usage of electric resistance heat during the first year of operation. By limiting the second stage heat pump runtime to 40 min, the thermostat would energize the 3rd stage (10 kW electric resistance heat) even though 2 nd stage heating was gradually increasing the temperature in the house and able to maintain the indoor temperature within 0.6°C of the thermostat's set point. The humidistat was set to energize the two stages of dehumidification if the measured relative humidity exceeded 50 %. The first stage of dehumidification consists of lowering the indoor fan speed to reduce the temperature of the indoor coil. After 15 minutes, if the first stage does not lower the humidity level to below 50 %, the dedicated dehumidification cycle is used to remove moisture.
During the second year of operation the combined thermostat/humidistat was replaced with a thermostat that activated the 2 nd stage of heating or cooling only if the difference between the sensed temperature and set point was greater than 0.6 °C. If the sensed temperature dropped lower than 2.8 °C below the set point, the thermostat energized the electric resistance heat. A separate humidistat, adjacent to the thermostat, activated the whole house dehumidifier if the indoor relative humidity exceeded 50 %.
Solar Energy Systems
The NZERTF incorporates both a photovoltaic and solar hot water system (SHW). The photovoltaic system consists of thirty-two 320 W photovoltaic modules with a nominal 19.6 % efficiency. The power, voltage, and current at maximum power for the array at Standard Test Conditions (STC) [13] are 10.24 kW, 438 V, and 23.4 A, respectively. Two 5 kW-rated inverters, having a measured weighted efficiency of 95.5 % [14] , are used to convert the direct current (DC) into 60 Hz alternating current (AC).
The solar hot water system utilizes two SRCC OG-100 [15] External to the solar storage tank is an insulated cross-flow heat exchanger, two circulating pumps, a controller, and two check valves to prevent reverse thermosyphoning. The hot water leaving the solar storage tank enters a thermostatic mixing valve, set at 49 C, before entering an auxiliary 189 L downstream heat pump water heater (HPWH). The HPWH is operated in the "Hybrid" mode with a set-point of 49 C, only activating an integral 3800 W resistive electric element when hot water demand cannot be met by the heat pump.
Virtual Family
The NZERTF utilizes a 'virtual family' to emulate the energy and hot water consumption of a typical family. The number of occupants, occupancy profiles, water usage, and annual energy consumption of devices within the NZERTF were derived from the Building America Research Benchmark Definition [16] . During both years of evaluation identical energy use/occupant profiles were used.
A 'virtual family' of four occupants is emulated within the NZERTF. A minute-by-minute occupancy, lighting, and device usage schedule for each virtual family member is based upon a 7-day detailed narrative as presented in Omar and Bushby [17] and summarized by Kneifel [18] . Electric plug loads that would be found in at least 50 % of all the households in the U.S. were incorporated into the NZERTF [17] . The number of cycles per week for the dishwasher, clothes washer, and the clothes dryer is based on a survey conducted by Proctor and Gamble and obtained from Iglehart et al. [19] .
The refrigerator is not subjected to the type of loads that would be present in a typical residence, such as opening doors or adding warm food. In order to compensate, an electrical resistor was placed inside the refrigerator and the power adjusted such that the annual energy consumption of the refrigerator is approximately equivalent to that determined using the U.S. Department of Energy regulatory test method [20] , 404 kWh.
Simulating human occupancy requires accounting for the sensible and latent loads. In the NZERTF, sensible loads are simulated by 70 W resistors placed in the bedrooms, kitchen, and the living room areas operated in accordance with the occupancy schedule for each room. To introduce moisture into the NZERTF to represent the latent loads from cooking and the simulated human occupants, an ultrasonic humidifier is used [21] . The electrical energy used to operate the sensible and latent loads associated with the virtual occupants is not considered part of the NZERTF's energy consumption.
Water consumption in the NZERTF is simulated using the apparatus/techniques described in Davis et. al. [12] . The average daily water consumption for the virtual family was obtained from the average of three domestic hot water studies summarized in [16] . The average daily water usage is 265 L per day not including water consumed by the dishwasher, clothes washer, and toilets.
Net-Zero Energy Residential Test Facility Performance
This section compares the performance of the NZERTF for the two years of testing that has been completed to date. The instrumentation, data acquisition system, and measurement uncertainty associated with all measurements are described in detail by Davis et. al [12] . Complete data from Year 2 are available at https://pages.nist.gov/netzero/ [22, 23] Due to failures associated with the data acquisition system, four and five days of data were lost, respectively, during the first year and second years of operation. To compare the NZERTF's second year energy performance to the first year on an equitable basis, the energy consumption and photovoltaic energy production values for months with missing data were prorated by taking the average daily values for the affected months and multiplying by the number of days in a full month. The adjusted results are presented in Table 3 . The percentage of the total energy consumed by the various devices/systems within the NZERTF is shown in Fig. 3 .
Adjustments for missing data caused by the data acquisition outages were not made for the measured performance values and metrics associated with the individual systems within the NZERTF such as the solar thermal and photovoltaic systems, the heat pump water heater, the whole house dehumidifier, and the heat pump used to space condition the house (Tables 4, 5 , and 6). Thus, the measured energy consumption values for the months with missing data will differ from the prorated values in Table 3 .
Using the prorated values, Table 3 , results in an annual energy surplus of 2241 kWh for the second year compared to 1023 kWh for the first year, or an increase of 1218 kWh. The annual energy produced by the photovoltaic system was essentially identical for both years, whereas the energy consumed by the NZERTF during the second year decreased by approximately 10 %. In the following sections, the second-year performance of various systems and electrical loads within the NZERTF will be compared to those previously reported [1] during the first year of operation. Table 4 compares the monthly performance of the NZERTF's photovoltaic array during the first two years of evaluation. For months during which snow or ice was not present, the difference in conversion efficiency between the two years, from incident solar irradiance to direct current energy, is less than 0.3 %. The inverter conversion efficiencies were within 0.4% for any given month, with the second year exhibiting slightly lower values for 11 of the 12 months relative to those measured during the first year. The overall conversion efficiency, incident solar energy to AC energy delivered, was 16.9 % for the second year and 16.8 % for the first year. During the first year of testing, the photovoltaic array was fully or partially covered with snow for all or part of the day for 38 days compared to 26 days during the second year. The annual overall conversion efficiencies are 17.1 % for the second year and 17.4 % for the first year if the days during which snow was present are removed from the analysis.
Photovoltaic Energy Production
Remarkably, a difference of less than 0.1 % exists in the annual photovoltaic energy generation between the two years. For the second year, the photovoltaic array generated 14042 kWh compared to 14064 kWh generated during the first year (both values prorated to include the missing days).
Energy Consumption
The energy consumed by the NZERTF during the second year, 11801 kWh, was 1241 kWh less than the first year's energy consumption, 13042 kWh, Table 3 . Both values and the energy consumed by the various devices within the NZERTF for the two years, Fig. 4 , have been prorated for the missing days. The peak power demand during the second year is approximately 13 kW compared to a peak of approximately 20 kW during the first year. The peak load during the second year occurred when the heat pump unit was undergoing a defrost cycle (power ≈7 kW) at the same time as other large loads such as the clothes dryer (5.5 kW), heat pump water heater resistance elements (4.5 kW), or oven (3.5 kW) were active. The peak load during the second year is less than that during the first year because of the use of smaller resistance elements in the heat pump unit during the second year.
3.2.1 Appliances -Appliances include the refrigerator, dish washer, cooktop, oven, microwave, clothes washer, and clothes dryer. The total appliance energy consumption, prorated for the missing days, agreed within 2 % for the two years, 1852 kWh and 1894 kWh, for the second and first years, respectively. The greatest difference in appliance energy usage was observed for the clothes dryer, Fig. 4 . Compared to the first year, the clothes dryer consumed approximately 12 % less energy during the second year. The decline in the clothes dryer energy usage has been gradual over both years and was further examined. It was speculated that either the mass of the artificial laundry load or the amount of water added to the dryer before each cycle to replicate the moisture content of laundry after washing had decreased; however, these hypotheses were discarded after verifying that neither the amount of water injected into the dryer nor the mass of the laundry load had changed.
Lighting -
The prorated lighting energy used over the two periods agreed to within 2 % with the second year being slightly less, 434 kWh versus 442 kWh.
Plug
Loads -During the first year the plug loads consumed 2472 kWh, prorated for missing days. During the second year the prorated energy consumed by the plug loads increased approximately 7 % to 2651 kWh. This increase is attributed to instrumentation that was either not monitored or not installed during the first year's study. In an attempt to offset the increased load imposed by the additional instrumentation added to the heat pump during the second year, the standby power of the virtual TV, video box, and game station was decreased by 115 kWh during the second year.
Water
Heating System -The water heating system in the NZERTF consists of a SHW system with a downstream HPWH system providing supplemental back up water heating when needed. A detailed description of these two systems can be found in [1] . Table 5 presents the measured performance data for the solar hot water system and heat pump water heater, uncorrected for missing days. Energy used by both the circulators and HPWH were very close between the two years, and the total measured energy needed to provide hot water was nearly identical, 1434 kWh for year two and 1432 kWh for year one. The projected yearly values, prorated for missing days, gives a total of 1450 kWh for the second year and 1451 kWh for the first year, Table 3 .
The solar thermal water heater provided a similar fraction of the total energy required to meet the annual hot water demand, 52 % in the second year and 54 % in the first year. This result was obtained despite a malfunction during February of the second year that resulted in the circulators not operating properly. Of the total energy consumed by the heat pump water heater, 71 kWh (6 %) was consumed by auxiliary resistive heat in the second year, in contrast to 137 kWh (12 %) in the first year. The larger resistive heat use in year one is partially attributed to a control wire becoming dislodged, preventing operation of the heat pump water heater for a nineday period.
3.2.5 Heat Recovery Ventilator -The electrical energy consumed by the fans within the HRV, prorated for the missing days, was 521 kWh for the first year versus 411 kWh for the second year. This reduction was an artifact of the HRV fans running continuously during year one compared to 43 min/hr during the second year. The measured effectiveness of the HRV was essentially equivalent during the two years of operation, 0.76.
3.2.6 Heating, Cooling, Ventilation, and Dehumidification Systems -The energy consumed to meet the spaceconditioning loads accounted for most of the energy consumption reduction from year one, 6785 kWh (heat pump with active dehumidification, HRV) to year two 5414 kWh (heat pump, HRV, whole house dehumidifier), Fig. 4 . The most significant reduction was the energy consumed by the heat pump to heat the NZERTF, 2347 kWh for the second year compared to 3783 kWh for the first year, Figure 4 . The whole house dehumidifier, not present during the first year, was responsible for 465 kWh of energy consumption during the second year.
The milder winter, reduced ventilation rate, and the improved control logic within the thermostat used during the second year all contributed to reducing the energy needed to heat the NZERTF during the second year. For the months of November, December, and January the heating degree days were significantly less than those experienced during the first year, Fig. 5 . The only exception is February, where the heating degree days were greater during the second year due to surprisingly cold weather conditions. Unlike the heating degree days which decreased by 314 compared to the first year, the cooling degree days increased to 2519 °C Days for the second year versus 2311 °C Days for the first year. To separate the impact of the weather and reduced ventilation rate from the changes in the thermostat's control logic and the mechanism used to dehumidify the NZERTF, it is necessary to project the energy consumption of the NZERTF, in its year one configuration, to what the energy consumption would have been if subjected to year two weather conditions and ventilation rate.
The NZERTF EnergyPlus model [24] and Actual Meteorological Year (AMY) weather files for both the first and second years were used to predict the NZERTF's energy consumption in its year one configuration. The model had been previously compared to measured data for the year one configuration and predicted the overall measured energy consumption within 4 % [25] . The simulation results show that the first year's NZERTF energy consumption would have decreased by 717 kWh if the second year's weather conditions and ventilation rate had been present, reducing the first year's measured total energy consumption from 13042 kWh to a projected value of 12325 kWh. The remaining difference in energy consumption between the two years, 524 kWh is attributed to the changes in the control logic that significantly decreased the use of resistive heat and the fact that the active dehumidification mode was not utilized during the cooling season of the second year, both of which decrease energy consumption. However, the use of the whole house dehumidifier during the second year could potentially increase the second year's energy consumption since it adds to the space conditioning load, and its efficiency is less than that of the dedicated dehumidification mode associated with the air-to-air heat pump, as shown by the L/kWh metric in Table 6 . Detailed simulations are planned in the future to better quantify the impacts of the various changes that were made prior to the second year of operation. The following sections attempt to quantify the impact of the equipment and control logic changes between the two years of evaluation.
Whole House Dehumidifier
Unlike the previously discussed devices and systems, a totally different approach was used to dehumidify the NZERTF during the second year. Accordingly, the approach used during each of the two years and the resulting performance is discussed in detail.
During the first year of testing, the dedicated dehumidification mode of the heat pump unit was used to provide moisture control. A whole house dehumidifier, in lieu of the dedicated dehumidification cycle, was used to provide moisture control during the second year. Table 6 presents the performance metrics associated with the whole house dehumidifier and the air-to-air heat pump system's dedicated dehumidification mode. The values are the hours for each month that the heat pump ran in the dedicated dehumidification mode during the first year and the hours that the whole house dehumidifier operated for each month during the second year. Table 6 also includes the liters of water removed per kWh of energy consumed. These data have not been prorated to reflect the four days of missing data during the first year and five days during the second year of operation.
A fundamental difference between these two modes of dehumidification is the manner in which they reject the sensible heat generated during the dehumidification process. During the first year, when the dedicated dehumidification cycle of the air-to-air heat pump was used, the sensible heat generated was rejected outdoors by means of the outdoor condenser. The whole house dehumidifier, used during the second year, rejects the sensible heat generated during dehumidification inside the house. The rejected heat from the whole house dehumidifier increases the cooling load during space cooling months and decreases the space heating load if its operation coincides with time intervals that space heating is required. During the second year, the whole house dehumidifier consumed 465 kWh of energy and dissipated this amount in the form of sensible heat into the house. The vast majority, over 80 %, was dissipated into the NZERTF during cooling dominated months, May through October. The net result was an increase of 385 kWh of additional load during the cooling season and an 80 kWh reduction in the space heating load during heating dominated months.
During the first year of operation the dedicated dehumidification mode of the air-to-air heat pump was utilized. Whenever the unit operated in this mode, the COP of the air-to-air heat pump unit decreased dramatically to a value of less than 1, Table 6 . It is interesting to note that the amount of time the heat pump operated in the dehumidification mode, 133 hours, was similar to the run time of the whole house dehumidifier during year two, 126 hours. Figure 6 plots the quantity of water removed per unit of energy consumed for the air-to-air heat pump's dedicated dehumidification cycle used during year one and the whole house dehumidifier used during year two. Data are only included for the months that both units ran for greater than 20 hours to exclude months when the standby energy was dominant. For all months the dedicated dehumidification cycle removed a greater quantity of water per unit of energy consumed than the whole house dehumidifier. However, whenever the heat pump operates in its dedicated dehumidification mode, the heat pump's COP is significantly reduced. Figure 7 shows the comparison of year one COP's for the heat pump with and without the dedicated dehumidification cycle operating for the same months used in Figure 6 . The reduction in COP resulting from the heat pump operating in the dedicated dehumidification mode is also apparent when the cooling COPs are compared for the first year of operation, in which the heat pump's dedicated dehumidification mode was used to provide humidity control, to the heat pump's COP during the second year when the unit was not allowed to operate in its dedicated dehumidification mode, Fig. 7 . Fig. 8 compares the heat pump's coefficient of performance for the two heating seasons. Other than the months where very little runtime occurred (October for both years and April during the second year of testing) and the month of February where the second year was significantly colder than the first, Fig. 5 , the heating mode COP values for the second year exceeded those observed during the first year of testing. Of particular interest is the amount of resistive heat used during each of the two years, Fig. 9 . Here, resistive heat refers to heating elements in the indoor unit used as supplements to the heat pump. During the first year the total energy consumed by the resistive heat was 1157 kWh compared to a total of 163 kWh during the second year. Although a portion of this can be attributed to milder weather conditions during year two, the vast majority is attributed to the improved control logic used in the thermostat. The reduced use of resistance heat is attributed to the change in control logic described in the Heat Pump, Whole House Dehumidifier, and Heat Recovery Ventilator Controls Section. In fact, the electric resistance heat in the indoor unit was never energized during the entire second year in order to meet the space heating thermal load. Only when the heat pump went into the defrost cycle did the control logic energize the resistive heaters.
Heat Pump Control Logic

Conclusions
The NZERTF successfully completed its second year of operation producing a 2241 kWh surplus of energy compared to the 1023 kWh surplus produced during the first year of operation. The energy provided by the NZERTF's rooftop photovoltaic array during the two years was essentially identical. The energy consumed by the appliances, plug loads, lighting, and domestic water heating equipment was similar for both years. The greater energy surplus is a result of reduced energy consumption by the space conditioning and ventilation equipment during the second year attributed to milder weather conditions, reduced ventilation, and improved heat pump thermostat control logic.
According to EnergyPlus computer simulations, 856 kWh of the 1218 kWh increase in surplus energy was attributable to the milder weather conditions experienced during the second year and the ventilation rate being reduced from 171 m
The use of a whole house dehumidifier resulted in an increased space conditioning load during the cooling months due to the sensible heat being rejected into the living space. In addition, the efficiency of dehumidifying with the whole house dehumidifier was less than the efficiency achieved using the air-to-air heat pump's dedicated dehumidification cycle
To fully capture the interrelationships between the various space conditioning systems -heat pump, heat recovery ventilation system, and whole house dehumidifier, future work will focus on predicting the performance of these various systems using tools such as TRNSYS [26] . Table 4 -Monthly photovoltaic system performance Table 5 -Monthly solar hot water and heat pump water heater system performance Table 6 -Monthly air-to-air heat pump and whole house dehumidifier performance The two columns show the on-time airflow and the effective airflow, which accounts for each appliances' off-time. The HRV is on for 43 min out of every hour, every day of the week (0.6667 of a week). The kitchen exhaust hood is on for 18 min each time, 11 times per week (0.0196 of a week). The dryer is on for 30 min each time, 5 times per week (0.0149 of a week). The on-time airflow multiplied by the fraction on-time is the last column, effective airflow. 
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